Determination of the charge separation distance along the direction of the applied electric field Fig. 1s shows the experimentally determined kinetic of the charge carrier drift distance. The initial part of the transient (0-3 ns) was determined by the TREFISH technique, whereas the latter part of the transient (3-10000 ns) was determined by a transient photocurrent measurement with a high load (integrated photocurrent). The photo-induced drop of the electric field was determined from the second harmonic intensity as described in [1s]:
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where I(t) and I 0 and are the second harmonic intensities with and without the excitation pulse respectively, and F is the internal electric field created by the applied voltage and the built-in field of the OSC, the latter was assumed to be 1V. Charge carrier drift distance distance l(t) was determined form electric field dynamics by numerically solving eq. (2s) as described in [2s]:
where DF(t) norm is the electric field drop normalized to the voltage drop at full extraction (~10 4 ns in case of Fig. 1s ) and D is the sample thickness. Charge carrier separation distance along the direction of the applied electric field equals to the sum of electron and hole drift distances, thus full extraction corresponds to D/2 = 35nm in interface. In TA the sample was excited at a pump fluence of 2.2 × 10 12 photons/cm 2 /pulse with 532nm photons and probed at 980nm which roughly corresponds to the center of a spectrally broad photoinduced absorption band.
Simulation parameters
The donor/acceptor interface is characterized by the lattice constant a, the molecular dimension parameter b (in the Coulomb potential expression), the interaction energies between sites DA and A , the donor site excitation energy D , the disorder σ and the system -bath coupling strength λ. In addition, the overall size of the lattice could be variable due to the complexity of interfacial domains at hierarchical morphologies of the blend. We assume that differences in morphologies are mostly reflected by a variation of couplings between the acceptor sites. Simulation parameters were chosen as those typical for polymer-PCBM systems: driving force ∆ = 0.1 eV for P3TI:PC 71 BM, CT exciton binding energy CT = −0.27 eV , and the energetic disorder σ 
